ABSTRACT
Introduction
Intracoronary stent implantation is being used as a primary treatment method in coronary artery disease with increasing frequency. Intracoronary stent restenosis or occlusion is an expected finding in the first six months after intracoronary stenting in patients with recurrent ischemic symptoms (Antoniucci et al., 1998) . Therefore; in order to guide treatment in this patient group; coronary artery anatomy, ventricular function and the severity of restenosis are need to be evaluated.
Conventional coronary angiography is the traditional gold standard method for the imaging of the coronary arteries. There are complications of conventional coronary angiography such as; the arterial access site trauma, pseudoaneurysm formation, cardiac arrhythmia, stroke, myocardial infarction, coronary artery dissection, embolism, or renal failure due to contrast media (Scanlon et al., 1999) . These morbidities associated with coronary angiography, invasive aspect of procedure and need for hospitalization restricts the application of this method in patients with possible stent restenosis.
Evaluation of coronary anatomy with multislice computed tomography (MSCT) angiography is an emerging imaging modality. With the increase of the detector number, coronary artery imaging with enhanced temporal and spatial resolution can be obtained by MSCT.
In this study, we aimed to evaluate the usefulness of 16-slice computed tomography (CT) in comparison to con- ventional coronary angiography which is a gold standart in determination of stent restenosis in patients with suspicion of early stent restenosis. In this study, the restenosis or patency of intracoronary stents implanted within last six months were evaluated with 16-slice CT angiography and conventional coronary angiography.
Materials and methods

Patient selection
Thirty-six patients (30 male; 6 females, mean ages 56 ± 11 years) in whom intracoronary stents implanted within last six months were admitted to Ondokuz Mayis University Hospital and Cardiology Clinic with the diagnosis of possible stent restenosis were included in this study.
Patients with arrhythmias, especially atrial fibrillation, impaired renal functions (creatinine level> 2 mg/dL), allergic to iodinated contrast media, pregnancy, severe chronic obstructive pulmonary disease, severe heart failure (New York Heart Association Class III-IV), acute coronary syndromes and claustrophobia were excluded from the study. A written informed consent form was signed by each patient included in the study. The research protocol was approved by the Ethics Committee of the Ondokuz Mayıs University, Faculty of Medicine.
Conventional coronary angiography
Selective coronary angiographies were performed after right femoral artery puncture by using the Seldinger technique. The right and left coronary arteries were imaged using oblique positions in the cranial and caudal angulations. Coronary angiographies were performed by Siemens AXIOM Artis (Siemens Medical Diagnostics, Siemens AG, Germany) device. Immediately after the procedure, the results of coronary angiographies were evaluated by the operators. Stent patency and restenosis were evaluated by two criteria.
1. Patent: Absence of restenosis or noncritic stenosis (<50%).
Stent restenosis:
More than 50% stenosis in stent or total occlusion without distal flow.
The Sixteen-Slice computed tomography coronary angiography protocol and image processing Patients underwent 16-slice CT angiography in Computed Tomography Unit of Ondokuz Mayis University Hospital. Imaging was performed by 16-slice CT scanner (Aquilion 16 system, Toshiba Medical System Corporation, Japan) and accompanied by ECG monitorization. Sixteen-slice CT detector collimation was 16 x 1 mm, kVp 135, mAs 350, pitch 0.25, rotation time 0.4, slice thickness 1 mm, and reconstruction interval 0.5 mm, respectively. An intravenous line from antecubital vein was inserted in all patients, and 120 ml nonionic iodinated contrast material was given intravenously, via an automatic injector (Ulrich Medizintechnik, Missouri) with a speed of 4 ml/sec.
Reconstructed images in different phases of the R-R interval by using the retrospective electrocardiography (ECG) gating were obtained from the axial raw images. From these images, at least two best phases were selected and axial, maximum intesity projection (MIP), multiplane reformatted (MPR) and 3-dimensional images obtained from the last images were evaluated in Vitrae Workstation.
Sixteen-slice CT coronary angiography images were evaluated separately by two independent observers. Observers stated the assessibility of stent lumen and location of the stent in the 16-slice CT images. Assessible stent is defined as having a visible lumen, evaluable contrast density in lumen without partial volume effect, metal artifact and calcification. Observers also reported the reasons of inadequate stent imaging. Two criterias were used in evaluation of stent restenosis in 16-slice CT (Kitagawa et al, 2006) .
1. Patent: Homogenous and visual similarity of contrast media density of stent lumen to the reference vessel (proximal and distal to the stented area).
2. Stent restenosis: Invisibility of distal flow in stented area of coronary artery (occluded), or a low density in the stent lumen compared to reference vessel.
Statistical analysis
Statistical analysis was performed by taking the results of conventional invasive coronary angiography as reference. In order to determine the diagnostic efficacy of 16-slice CT coronary angiography; the sensitivity, specificity, PPV, NPV, and diagnostic accuracy were calculated. In addition, the aggreement between two observers was evaluated by the Kappa test. p value <0.05 was considered as statistically significant.
Results Clinical characteristics of the patients
Thirty-six patients (30 males, 6 females, mean age 56 ± 11 years) scheduled for coronary angiography with the diagnosis of stent restenosis were included in the study. The mean duration between the intracoronary stent implantation and conventional coronary angiography was 127 ± 79 days, the median duration between 16-slice computed tomographic angiography and conventional coronary angiography was 5 days (ranges from 1 to 21 days), respectively. Clinical characteristics of the patients are presented in Table 1 .
There were 49 intracoronary stents in 36 patients. The median diameter of intracoronary stents was 3.00 mm (2.50 mm to 4.00 mm), and the median stent length was 15 mm (9 mm and 32 mm). Thirty-five (72%) stents were implanted to left anterior descending (LAD) artery, 5 (10%) stents to circumflex (Cx) artery, and 9 (18%) stents to right coronary artery (RCA). There were 12 different stent brands and 4 different stent materials. The distribution of intracoronary stents according to implanted coronary arteries, diameter and material was presented in Table 2 .
Assessment of intracoronary stents by conventional coronary angiography
Conventional coronary angiographies were performed by the responsible operators and no complication was observed during and after the procedures. Thirty seven (76%) stents were patent, and stent restenosis were determined in 12 (24%) stents. Stent restenosis was detected in 6, whereas remaining 6 stents were totally occluded. When the stents were assessed according to implanted vessel; 23 (70%) of 33 stent were patent in LAD artery, 5 (87%) of 6 were patent in Cx artery, 9 (90%) of 10 were patent in RCA. Stent restenosis was detected in 36% of stents with a diameter of less than 3.00 mm, and 20% of the stents with a diameter of 3.00 mm and more.
Assessment of intracoronary stents by the 16-slice computed tomography angiography
The 16-slice CT coronary angiographies were performed without any complication in 36 patients included in the study. The mean heart rate of patients at the beginning of the 16-slice CT coronary angiography scans was 73 ± 9 beats / min. Eighty nine percent (32/36) of the patients were already on oral beta-blocker treatment before the 16-slice CT coronary angiography.
The 16-slice CT coronary angiography imaging quality was inadequate in 11 (30.6%) patients (Fig.1) , adequate in 21 (58.3%) patients, and, high-quality in 4 (11.1%) patients (Fig.  2) . The causes of inadequate imaging were reported as dense calcification of the coronary arteries in 55% of patients, motion artifact due to insufficient heart rate reduction in 45% of the patients.
Assessment of intracoronary stent lumens by the 16-slice computed tomography angiography
The lumens of 30 (61%) intracoronary stent were appropriate for assessment. In 19 (39%) stents, the lumens were invisible. According to the coronary arteries; 13 (37%) of 35 stents in LAD, 3 (60%) of 5 stents in Cx, and 3 (33%) of 9 stents in RCA could not be assessed.
Assessment of intracoronary stent patency by 16-slice computed tomography angiography
Twenty six (87%) intracoronary stents were assessed as patent and four (13%) stents were assessed as restenotic by the 16-slice CT coronary angiography. There were 19 patents (86%) and 3 (14%) restenotic stents in the LAD artery. Two (100%) and five (83%) stents were patent in the Cx and RCA, respectively. There was 1 (17%) restenotic in RCA. With respect to the diameter of the stents, all the 7 stents with visible lumen and having a diameter of less then 3.00 mm were patent. The assessment of stents with visible lumen and having a diameter of 3.00 mm and above showed that, 19 (83%) stents were patent, and 4 (17%) were restenotic.
The comparison of 16-slice computed tomography and conventional coronary angiography results
The 16-slice CT coronary angiography results were assessed by two independent observers after patients recruitment completed and these results were compared with the results of conventional coronary angiography taken as a reference.
First observer evaluated the patency of 30 of 49 intracoronary stent. Twenty six stent (87%) were patent, and 4 stent (13%) were restenotic. The first observer determined 20 of 21 patent stent and 3 of 9 restenotic stent correctly according to conventional coronary angiography results. Restenosis was detected by conventional coronary angiography in 6 intracoronary stent which were assessed as patent by 16-slice CT coronary angiography. Additionally, one intracoronary stent was assessed as restenotic by 16-slice CT coronary angiography but, it was patent according to conventional coronary angiography. According to these results, the diagnostic accuracy of the first observer was calculated as 77%. Second observer evaluated the patency of 21 (43%) of 49 intracoronary stent. Nineteen stent (91%) were patent, and 2 stent (9%) were restenotic. The second observer determined 15 of 16 patent stent and 1 of 5 restenotic stent correctly according to conventional coronary angiography results.
Restenosis was detected by conventional coronary angiography in 4 intracoronary stent which were assessed as patent by 16-slice CT coronary angiography. Additionally, one intracoronary stent was assessed as restenotic by 16-slice CT coronary angiography but, it was patent according to conventional coronary angiography. According to these results, the diagnostic accuracy of the second observer was calculated as 76%.
According to the results of the first observer; the sensitivity, specificity, PPV and NPV of 16-slice CT angiography were 33%, 95%, 75% and 77%, respectively. According to the results of the second observer, the sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) of 16-slice CT angiography were 20%, 94%, 50% and 79%, respectively. The aggreement between two observers was evaluated by the Kappa test. There was no difference between two observers (p=1.00). The aggreement between two observers was good (Kappa=0.638) and this result is statistically significant (p<0.05).
The comparison of 16-slice computed tomography and conventional coronary angiography results according to intracoronary stent diameters
Intracoronary stents were divided into 2 groups as stents with diameter of less than 3.00 mm and stents with diameter of 3.00 mm and higher. The results of both groups obtained by 16-slice CT coronary angiography were compared with the results of conventional coronary angiography. There were 14 stents with diameter less than 3.00 mm. The seven of (50%) these stents were evaluated by 16-slice CT coronary angiography and there was no restenosis detected. Restenosis was detected by conventional coronary angiography in 3 of these stents, and the remaining four stents were patent. Therefore, the diagnostic accuracy of 16-slice CT coronary angiography was 57% in the stents with diameter less than 3.00 mm.
There were 35 stents with diameter of 3.00 mm and higher and 23 of (66%) these stents were evaluated by 16-slice CT coronary angiography. Of these; four (17%) stents were restenotic, and 19 (83%) stents were patent. In conventional coronary angiography, 3 of the 4 restenotic stents detected by 16-slice CT coronary angiography were found as restenotic and 1 stent was patent. Additionally, conventional coronary angiography detected restenosis in 3 of the 19 patent stents detected by 16-slice CT coronary angiography. Therefore, the diagnostic accuracy of 16-slice CT coronary angiography was 83% in the stents with diameter 3.00 mm and higher. According to these results, the sensitivity and PPV of 16-slice CT coronary angiography in stents with diameter less than 3.00 could not be estimated. Specificity and NPV were calculated as 100% and 57%, respectively. The sensitivity, specificity, PPV, NPV and diagnostic accuracy of 16-slice CT coronary angiography in stents with diameter of 3.00 mm and higher were 50%, 94%, 75%, 84% and 83%, respectively.
Discussion
In this study, the usefulness of 16-slice CT coronary angiography for the assessment of stent patency in patients with intracoronary stents implanted within last six months was investigated. 16-slice CT coronary angiographies were performed without any complication in all patients. According to data obtained, it can be concluded that 16-slice CT coronary angiography is a safe technique if patient selection is appropriate.
Intracoronary stent implantation is the preferred treatment method in ischemic heart disease and its use is increasing. In a meta-analysis of 11 studies including 5103 patients; the prevalences of angiographic stent restenosis were reported as 5-10% in DES (drug eluting stents) and 20-35% in BMS (bare metal stent) (Babapulle et al., 2004) . Our study is consistent with other studies as the stent restenosis rate of 24% was determined.
Altough conventional coronary angiography is accepted as the gold standard for assessment of stent patency, because of the procedure-related risks, and the discomfort, it is not well-accepted method by patients. Functional stress tests are usually applied to patients before conventional coronary angiography. Unfortunately, the accuracy of these tests in the diagnosis of stent restenosis is quite limited. Garzon and Eisenberg (2001) reported poor sensitivity (46%) and moderate specificity (77%) of exercise stress test, an acceptable sensitivity (87%) and specificity (78%) of myocardial perfusion scintigraphy for the diagnosis of stent restenosis, sensitivity and specificity of stress echocardiography was reported as 63% and 87%, respectively.
There are studies with non-invasive imaging methods other than 16-slice CT such as electron beam computed tomography (EBCT) and magnetic resonance (MR) angiography to evaluate the intracoronary stent patency. EBCT in recent years has been used as a noninvasive imaging method particularly due to ability to do coronary calcium measurement. However, due to the poor spatial resolution three dimentional imaging of coronary arteries is limited (Möhlen-kamp et al., 1999; Pump et al., 2000) .
Proximal segments of the coronary arteries can be assessed with MR angiography (Kim et al., 2001) . The advantages of MR coronary angiography are lack of radiation exposure and lack of iodinated contrast agent use. However, the limited spatial resolution and a long scan time are the most important limitations. Intracoronary stents especially the stainless-steel stents cause severe artifacts and signal loss and this makes it impossible to display the stent lumen (Hug et al., 2000) . Buecker et al. (2002) reported that in some special stent models, MR angiography could show the stent lumen.
The 16-slice CT is superior to other non-invasive imaging methods because of its important features such as; ability to take multiple scans at the same time, very high spatial resolution, relatively short scan time, necessity of shorter breath-hold duration for the patient. With the introduction of 16-slice CT coronary angiography in routine clinical practice, the success of 16-slice CT coronary angiography in determination of significant lesions in coronary arteries was investigated in many studies and it has been reached to wide-range knowledge. However, the number of studies assessing the performance of MSCT angiography to determine intracoronary stent patency is still low. That's why, our study aimed to investigate the usefulness of MSCT coronary angiography in detection of intracoronary stent patency.
The 16-slice CT coronary angiographic imaging of intracoronary stents is different from imaging of native coronary arteries. Not only the movement of the coronary arteries, but also the metal content of stent affects the detection of in-stent restenosis. The metal content of stents can cause high-intensity artifacts and prevent the imaging of the significant portion of stent lumen. The material and design of the stent affect the amount of artifact. As density increases, artifacts become more pronounced. This effect is less pronounced in the large vessels such as aorta and abdominal branches, but more pronounced and prevents the imaging of lumen in the smaller vessels like coronary arteries (Sun et al., 2009) .
Stent lumen visualization with the first-generation 4-slice CT scanners is reported to be impossible (Krüger et al., 2003) . Maintz et al. (2003a) reported the thickening of the stent struts by artefacts and therefore a significant reduction in stent lumen diameter in their in-vitro study with 4-slice CT scanners. In addition, the lumen was invisible in Wiktor, WallStent and Nir Royal stents. Krüger et al. (2003) evaluated 32 stents in vivo with 4-slice CT angiography, but they were unable to make any analysis of the stent lumen regardless the type and diameter of stent. Maintz et al. (2003b) reported the visualization of up to 20-40% of the stent lumen in another study with 4-slice CT angiography. According to these data, it was concluded that the evaluation of intracoronary stent patency with 4-slice CT scanners was not possible in clinical practice.
The 16-slice CT scanners compared to 4-slice CT scanners have more advanced spatial and temporal resolution. The 16-slice CT scanners are more successful than 4-slice CT scanners in evaluation of intracoronary stents with high imaging quality due to thinner slices, high gantry rotation speed and short breath-hold period. The sensitivity and specificity of 16-slice CT scanners in detection of intracoronary stent restenosis ranged between 57-83% and 88-99%, respectively and the average rate of assessed stents was 86% (Schuijf et al., 2004; Gilardi et al., 2006; Kitagawa et al., 2006 , Watanabe et al., 2006 Kefer et al., 2007; Soon et al., 2007) . In our study, the sensitivity of 33% is quite low compared to other studies, but the specificity is compatible with other studies.
Despite the high spatial resolution due to the advanced technical features, an important limitation of 16-slice CT angiography is the relatively low temporal resolution. This limitation becomes apparent especially in patients with high heart rate and motion artifacts cause deterioration of image quality. Generally, in order to achieve optimal image quality, heart rate is required to less than 70 beat/minutes and for this purpose; eligible patients premedicated with beta-blocker drugs. Motion artifacts are even bigger problem in patients with arrhythmias and contraindications to beta-blockers. The stents implanted to Cx artery and RCA are more vulnerable to motion artifacts. By the development of new generation CT scanners (particularly 64-slices and more) with higher temporal resolution, this effect is dramatically reduced (Sun et al., 2012) .
In our study, 23 patients (64%) with heart rates higher than 70 beats/min received the intravenous premedication. However, unlike many other studies, there was no upper heart rate limit established as a criterion for exclusion. In our study, the mean heart rate at the beginning of the scan was 73 ± 9 beats / minute. This heart rate is quite high compared to the other studies. Nowadays, more and more widely used 64 and higher slice CT scanners with high gantry rotation speeds and capacity of taking more slice allow to obtain higher quality images in patients with high heart rates.
In a meta-analysis of 15 studies, 1175 intracoronary stent were assessed with the 16 and 64-slice CT scanners, and the average sensitivity and specificity were reported as 84% and 91%, respectively (Hamon et al., 2008) . In our study, 33% sensitivity of 16-slice CT angiography is below the sensitivities of other studies but 95% specificity level is comparable to other studies. However, only nine restenotic stents were assessed within 30 stents. The evaluation of 16-slice CT angiography in intracoronary stent restenosis detection with only 9 stents is not reliable enough to draw conclusions. For this reason, the low number of the total and restenotic stents assessed is one of the limitations of our study.
The patients included in this study underwent 16-slice CT angiography and conventional coronary angiography with the clinical indications. This study was not planned in randomized, prospective design. The potential bias caused by results of 16-slice CT and conventional coronary angiography performed with clinical indications are another limitation of the study.
In conclusion; the 16-slice CT angiography seems unlikely to take place of conventional coronary angiography in the evaluation of stent restenosis in clinical practice according to the data obtained from this study. It is difficult to reach a reliable conclusion about performance of 16-slice CT angiography in assessment of stent restenosis because of the low number of stents and low restenosis rate. More comprehensive studies including higher number of stents and high restenosis rate are needed.
